To avoid problems with reconstruction of segmental bone defects, it is important to take an appropriate approach to the use of dropped traumatic segmental bone fragments that are extruded at the time of injury or are free after surgical debridement. To the authors' knowledge, no study has assessed the outcomes of in situ implantation of dropped traumatic segmental bone fragments. This study was conducted to determine: (1) whether in situ implantation of a dropped traumatic segmental bone fragment is safe and (2) whether the authors' method would reduce the incidence of infectious and related complications in open fractures with dropped traumatic segmental bone fragments after high-energy trauma.
Materials and Methods
The authors retrospectively reviewed 16 patients with open fractures, including 11 patients with Gustilo-Anderson type IIIA fractures and 5 patients with Gustilo-Anderson type IIIB fractures who had dropped traumatic segmental bone fragments between January 2002 and January 2012. 8 Of these patients, 12 were men and 4 were women, with a mean age of 35.4 years (range, 19-47 years). There were 10 femurs and 6 tibias. The reasons for injury included a motor vehicle accident (n=10), a fall from height (n=5), and a heavy object falling on the patient (n=1). The dropped fragments had no specific environmental exposure, such as farm, marine, or sewage. All patients were admitted to the hospital after going to the emergency department immediately after injury. Average interval from injury to dropped traumatic segmental bone fragment implantation was 15.8 hours (range, 5.3 hours to 6.5 days). Average postoperative follow-up was 26.8 months (range, 12-60 months) ( Table 1) . The institution approved the study, which was conducted with strict adherence to the established guidelines for treatment of subjects, and all patients provided written informed consent.
All open wounds were treated with thorough debridement and irrigation. Patients were given routine tetanus antitoxin serum and appropriate broad-spectrum antibiotic treatment (cefuroxime 1.5 g intravenously). The dropped traumatic segmental bone fragments were cleaned with 3% hydrogen peroxide, placed in separate sterile cups, and soaked in 1% iodophor for 30 minutes. Then angle-spanning external fixation and in situ implantation of the dropped traumatic segmental bone fragments were performed. After initial management, skin flap grafts were per- formed and antibiotic-impregnated dressing was applied as needed. After the soft tissue was reconstructed successfully, approximately 4 to 8 weeks later, the external fixator was removed and definitive plate internal fixation (minimally invasive plate osteosynthesis) was performed. Fracture sites that had defects were grafted with iliac bone, and 9 patients required bone grafts. After surgery, patients were treated with antibiotics. Peripheral circulation and skin sensation were closely observed. Ankle, knee, and hip joint exercises were started immediately after surgery.
Patients were mobilized rapidly and instructed to use toe-touch weight bearing with crutches or a walker for 3 months. Full weight bearing was initiated with crutches 3 months postoperatively, and patients were instructed to wean off the crutches 6 months postoperatively.
After surgery, the following measures were evaluated in all patients: (1) fracture healing time, with radiologic evidence that the fracture sites of dropped traumatic segmental bone fragments were incorporated into the host bones, with no pain at the fracture site on weight bearing; and (2) assessment of final lower extremity function according to the criteria of Klemm and Börner ( Table 2) . 9 Complications were classified as related to union or soft tissue, including infection. Superficial infection was defined as local cellulitis, with or without serous discharge, treated with oral antibiotics. Any infection that warranted operative debridement was considered deep.
results
Mean duration of treatment (until application of definitive plate internal fixation) was 8 weeks (range, 6-14 weeks). All patients achieved consolidation. Mean time to fracture healing was 21.8 weeks (range, 14-48 weeks). No malalignment or angulation of more than 10º occurred in any planes. One patient did not show signs of healing after 12 weeks of internal fixation, and a bone graft was applied with the internal device in place. One patient who had a Gustilo-Anderson type IIIB fracture had deep infection and required removal of the dropped traumatic segmental bone fragment, followed by thorough wound debridement. In addition, the bone defect was treated with an iliac crest bone graft and an external fixator. The patient was treated with appropriate broad-spectrum antibiotics (cefuroxime 1.5 g intravenously) for 7 days. At recent follow-up, the 2 patients showed bone healing. According to the Klemm and Börner classification, 11 patients (68.8%) had excellent results, 3 (18.7%) had good results, and 2 (12.5%) had poor results ( Table 1) . Typical cases are shown in Figure 1 and Figure 2. 
discussion
Bone defects are a difficult problem for the orthopedist. They involve a sustained increase in hospitalization, an increased risk of complications, and an associated increase in cost. Currently, there is no universally accepted algorithm for the treatment of bone defects, and the orthopedist often must make treatment decisions on a case-by-case basis. The 
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quality of the soft tissue, local perfusion, availability of a vascular supply for possible flap coverage, and other factors must be considered. 11 Commonly used methods for reconstruction of segmental bone defects are vascularized fibula autografts and the Ilizarov bone transfer technique. 1, [12] [13] [14] [15] [16] Vascularized fibula autografts contain an intrinsic blood supply and living bone cells that can provide well-perfused bone and the capability for osteogenesis. The healing process between the fibular graft and the host occurs in the same way as normal fracture healing, without creeping substitution or immunologic reaction. Unfortunately, these autographs are also associated with complications and significant drawbacks, such as considerable donor site morbidity, a demanding microsurgical technique, and prolonged operative time, in addition to a risk of fracture and inadequate hypertrophy of the graft for vascularized fibula autografts. 17 The Ilizarov technique for reconstructive management of long bone defects is based on the principle of non-free bone plasty. It implies that bone loss is compensated for by distraction regeneration and results in consolidation at the docking site of the transported bone fragment. Moreover, the soft tissue envelope is preserved and allows for bone growth in length and shape. The Ilizarov technique for bone transport after osteotomy of a defect fragment has been used by orthopedic surgeons worldwide, and its merits are well known. Nevertheless, this method is technically demanding and has several disadvantages, including associated complications, the need for lengthy treatment in both the distraction phase (1 mm/d) and the consolidation phase (usually twice that of the distraction phase), and effects on the patient's psychological state and well-being. 1, 5 To avoid problems with reconstruction of segmental bone defects, surgeons can choose an appropriate approach to the dropped traumatic segmental bone fragment after high-energy trauma. In the current study, the treatment of damaged soft tissue was of primary concern. With adequate soft tissue coverage, in situ implantation of the dropped traumatic segmental bone fragment is safe, and the authors' method will reduce the incidence of infectious and related complications in open fractures with a dropped traumatic segmental bone fragment after high-energy trauma.
Despite encouraging developments in the management of open fractures, the infection rate in patients with Gustilo- Anderson type III open fractures is still high. 18, 19 In the current study, dropped traumatic segmental bone fragments were cleaned with 3% hydrogen peroxide, placed in separate sterile cups, and soaked in 1% iodophor for 30 minutes, which may decrease the likelihood of clinical infection. Only 1 patient who had a Gustilo-Anderson type IIIB fracture had deep infection and required removal of the dropped traumatic segmental bone fragment. Previous studies showed that chemical agents, such as iodine, isopropyl alcohol and chlorhexidine, and chlorhexidine, are more efficient for reducing contamination compared with normal saline solution. However, these decontamination procedures decreased Preoperative lateral (A) and anteroposterior (B) radiographs showed bone loss at the left distal tibia. The fracture initially was stabilized with an external fixator (C). After the soft tissue was reconstructed successfully, definitive internal fixation (minimally invasive plate osteosynthesis) was performed (D). Follow-up anteroposterior radiograph at 6 months showed consolidation of the fracture (E).
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cell viability compared with normal saline solution. 20 The dropped traumatic segmental bone fragment should be expected to remain biologically active because of the bone morphogenetic protein content of the bone matrix. Inside the bone fragment, as revascularization occurred gradually and increased new bone formation, mesenchymal cells in the fibrous connective tissue of the resorption lacuna and osteoblasts on the surface perceived the change and produced an osteoinductive stimulus that promoted union. Cell viability is a key factor in the success of dropped traumatic segmental bone fragment implantation. The authors' method maintained cell viability while ensuring decontamination. In the current study, all patients achieved consolidation.
For an open fracture with serious soft tissue injury, an external fixator is the preferred option. It can stabilize the fracture temporarily without affecting soft tissue repair. However, a high rate of complications, such as pin tract infection, malunion, nonunion, and inconvenience as a result of long-term cross-joint fixation, is unacceptable. Therefore, external fixation is often used as an emergency device, and second-stage fixation is often necessary. 21 In the current study, patients were initially treated with a spanning external fixator, followed by minimally invasive stabilized internal fixation, after the soft tissue was reconstructed successfully. This protocol was proposed to decrease the high rate of soft tissue compromise associated with traditional open methods of treatment in patients with high-energy trauma.
Because of the small number of cases, statistical analysis could not be performed to compare functional results and complications in patients with GustiloAnderson type IIIA fractures and those with Gustilo-Anderson type IIB fractures or between the femur and the tibia.
Limitations
Limitations of this study include its retrospective design, the small number of patients, and the lack of a control group.
conclusion
The current study showed that in situ implantation of dropped traumatic segmental bone fragments is a safe and effective technique for the treatment of open fractures with bone defects. More clinical experience and high-quality, multicenter randomized controlled trials with large sample sizes are needed to systemically assess this method, determine its indications, and establish guidelines for the management of complications, such as infection and nonunion. 
